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Abstract
We critically review the assumption that no new physics is acting in tree-level B-meson
decays and study the consequences for the ultimate precision in the direct determination
of the CKM angle γ. In our exploratory study we find that sizable universal new physics
contributions, ∆C1,2, to the tree-level Wilson coefficients C1,2 of the effective Hamiltonian
describing weak decays of the b quark are currently not excluded by experimental data. In
particular we find that Im ∆C1 and Im ∆C2 can easily be of order ±10% without violating
any constraints from data. Such a size of new physics effects in C1 and C2 corresponds to an
intrinsic uncertainty in the CKM angle γ of the order of |δγ| ≈ 4◦, which is slightly below
the current experimental precision. The accuracy in the determination of γ can be improved
by putting stronger constraints on the tree-level Wilson coefficients, in particular C1. To this
end we suggest a more refined theoretical study as well as a more precise measurements of the
observables that currently provide the strongest bounds on hypothetical new weak phases in
C1 and C2. We note that the semi-leptonic CP asymmetries seem to have the best prospect
for improving the bound on the weak phase in C1.
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1 Introduction
The standard model of particle physics (SM) seems to be more successful than previously
expected. With the detection of the Higgs particle in 2012 its particle content is finally
complete. Up to now we have neither directly detected new particles nor did we find sig-
nificant new physics effects in indirect searches. Nevertheless, many of the motivations for
new physics searches, like the origin of the baryon asymmetry in the universe or the nature
of dark matter, remain unanswered within the SM. In addition, there are several hints for
experimental deviations from SM predictions, e.g. in the quark flavour sector, see for exam-
ple [1, 2]. In order to draw any definite conclusions from these arising hints for new physics,
a higher precision is mandatory both in experiment and theory. In that respect also some
unquestioned prejudices that might only be valid as a crude assumption have to be revis-
ited. In this letter we reconsider the commonly accepted supposition that there are no new
physics effects in tree-level decays of heavy quarks and show that there is, purely from the
viewpoint of current data, still plenty of room for deviations from SM predictions. Bounds
on the Wilson coefficients of the SM current-current operators have been obtained, using a
restricted set of observables, already in [3,4]. Here we consider a larger set of observables to
constrain the SM current-current sector. Also, we assume that the new-physics effects are
flavor universal. This will give us a general idea of the size of the effects; we leave a more
detailed analysis for future work [5].
As an interesting application of our results we consider the precision in the determina-
tion of the Cabibbo-Kobayashi-Maskawa (CKM) angle γ. This angle can be extracted from
tree-level B → DK decays essentially without hadronic uncertainties [6]. An important
assumption for this analysis is the absence of weak phases other than γ in these decays.
While many different corrections to this assumption have been studied in the literature (see
the discussion in Section 3), the absence of new-physics contributions to the tree-level Wil-
son coefficients has, to our knowledge, hitherto not been questioned in this context. We
emphasise that from a purely phenomenological viewpoint we cannot exclude shifts in γ of
the order of ±4◦ that are clearly not negligible in view of the expected sensitivity of 1◦ at
LHCb and Belle II [7,8]. Hence, the statement that the extraction of γ from tree-level decays
corresponds to a pure SM value should be taken with care.
This letter is organised as follows. In Section 2 we collect all bounds on the Wilson
coefficients of the current-current operators, and investigate the implication for the extraction
of γ in Section 3. We summarise our findings in Section 4, where we also point out some
strategies on how to improve the bounds on new physics effects in tree-level decays.
2 New physics in tree-level decays
We start our considerations of the possible size of new physics effects with the effective
Hamiltonian for non-leptonic b-quark decays of the form b→ u1u¯2d1, where u1,2 are up-type
quarks and d1 is a down-type quark:
Hu¯1u2d1eff. =
Gf√
2
Vu1bV
∗
u2d1
[
C1Q
u¯1u2d1
1 + C2Q
u1u¯2d1
2
]
, (2.1)
with the colour singlet operators Q2 and the colour rearranged operators Q1,
Qu¯1u2d11 = (u¯
α
1 b
β)V−A(d¯
β
1u
α
2 )V−A , Q
u¯1u2d1
2 = (u¯
α
1 b
α)V−A(d¯
β
1u
β
2 )V−A , (2.2)
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where α and β are colour indices, and (q¯q′)V−A stands for q¯γµ(1 − γ5)q′. In this letter we
consider possible new physics contributions to the Wilson coefficients C1 and C2, denoted by
∆C1 and ∆C2, both of which can in general be complex. Thus we have for the full Wilson
coefficients
C1 = C
SM
1 + ∆C1 , C2 = C
SM
2 + ∆C2 . (2.3)
A first step in such a direction has been performed recently in [3], where the effect of new
physics contributions to the decays b → cu¯d, b → uc¯d, b → cc¯d, and b → uu¯d on the decay
rate difference of the neutral Bd meson system, ∆Γd, was investigated. In [4] new physics
contributions to the tree-level part of the b → uu¯s decay were considered as solution to the
“∆ACP puzzle” in B → Kpi decays. We will not consider the observables from [4], because
they are very sensitive to penguin contributions, whereas we concentrate on tree-dominated
decays. Moreover, our final conclusion would not change with the inclusion of the B → Kpi
observables.
The motivation of this work is to study the effect of new weak phases on the extraction
of γ from tree-level decays. We thus extend the analysis in [3] which focused on final states
involving a down quark, by including more b-decay channels and thus more observables.
However, we make the simplifying assumption that all possible non-leptonic b-quark decay
channels receive the same new physics contributions. Decay-channel specific new physics
contributions would in general give looser bounds on the individual new physics contributions
to C1 and C2, and will be considered in a forthcoming publication [5].
The following observables are taken over directly from [3]:
• The b → cu¯d-transition is constrained by B → Dpi and B → D(∗)0h0 decays. For the
corresponding theory expressions QCD factorisation [9] is used.
• The rare decay b → dγ gives the strongest bound on the b → cc¯d-transition, where
we use the theoretical formulae from [10] and [11]. This decay gets also restrictions [3]
from the direct measurement of the CKM angle β in the decay B → J/ψKS and the
semi-leptonic asymmetry adsl described in more detail below.
• QCD factorisation [12] is used again to constrain the b → uu¯d-channel with B →
pipi, ρpi, ρρ-decays. As in [3] for the B → pipi transition two observables are considered:
the indirect CP asymmetry Spipi and the ratio of hadronic and differential semi-leptonic
decay rate Rpi−pi0 .
For these observables we use the same formalism and the same experimental data as described
in [3] and we refer the interested reader to this paper for details. Next we extend some of
the formulae used already in [3].
• The total lifetime of b-hadrons can be compared with the experimental measurements.
We use the following expression that shows the explicit dependence on the Wilson
coefficients, see e.g. [13]:
Γtot
ΓSMtot
=
3|C1|2 + 3|C2|2 + 2Re[C∗1C2]
3|CSM1 |2 + 3|CSM2 |2 + 2Re[C∗SM1 CSM2 ]
. (2.4)
For ΓSMtot we take the result from [14] that includes αs-corrections and terms that are
subleading in the heavy-quark expansion; the experimental value is taken from [15]:
ΓSMtot = (3.6± 0.8) · 10−13 GeV , Γtot = (4.20± 0.02) · 10−13 GeV . (2.5)
2
• For the channel b→ cc¯s we take constraints from the branching ratio B(B → Xsγ) into
account. The bounds for this observable were calculated using the NLO expressions
given in [16] as well as the NNLO SM value quoted in [17], the experimental result
considered was obtained from [15].
Additional bounds on C1 and C2 can be obtained from the decay rate difference of the
neutral Bs-mesons, ∆Γs, and the semi-leptonic CP asymmetries, a
s
sl. These observables have
not been considered in [3]; they can be extracted for both neutral B-meson systems from the
theory expression for Γq12/M
q
12:
aqsl = Im
(
Γq12
M q12
)
,
∆Γq
∆Mq
= −Re
(
Γq12
M q12
)
. (2.6)
Using the results from [18–20] we find for the explicit dependence on the NP contributions
∆C1 and ∆C2:
Γd12/M
d
12
Γd,SM12 /M
d,SM
12
= 1 − (0.23− 0.047i) ·∆C1 + (0.76 + 0.25i) ·∆C21 + (1.91− 0.0029i) ·∆C2
+ (0.084 + 0.14i) ·∆C1 ·∆C2 + (0.93 + 0.0072i) ·∆C22 , (2.7)
Γs12/M
s
12
Γs,SM12 /M
s,SM
12
= 1 − (0.24 + 0.022i) ·∆C1 + (0.68− 0.012i) ·∆C21 + (1.90 + 0.00013i) ·∆C2
+ (0.034− 0.0068i) ·∆C1 ·∆C2 + (0.93− 0.00035i) ·∆C22 . (2.8)
We now express the semi-leptonic asymmetry and the decay rate difference in terms of these
ratios as
aqsl = Im
(
Γq12/M
q
12
Γq,SM12 /M
q,SM
12
· Γ
q,SM
12
M q,SM12
)
, (2.9)
∆Γq = −Re
(
Γq12/M
q
12
Γq,SM12 /M
q,SM
12
· Γ
q,SM
12
M q,SM12
)
·∆MExp.q . (2.10)
The SM prediction for Γq12/M
q
12 is given in [21] and reads
Γd,SM12
Md,SM12
= −0.0050− 0.00045i , Γ
s,SM
12
M s,SM12
= −0.0050 + 0.000021i . (2.11)
The experimental value for ∆Γs is taken from [22], for the semi-leptonic asymmetries we
take the naive average of the values in [23–28], and for the mass difference we use the HFAG
average [15]. We find
adsl = (+2.2± 2.2) · 10−3 , ∆Γs = 0.0805± 0.0091± 0.0032 ps−1 , (2.12)
assl = (−4.8± 4.8) · 10−3 , ∆Ms = 17.761± 0.022 ps−1 . (2.13)
We do not use ∆Γd since there are currently only loose experimental bounds available.
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Figure 1: Constraints on ∆C1, the new-physics contribution to the tree-level Wilson coef-
ficient C1, at the scale µW = MW . The red region is associated with constraints from the
B → Dpi decay channel, the green and blue rings with the transitions B → ρρ and the
observable Rpi−pi0 calculated from the decay B → pipi, respectively. The brown sections are
related to the decays B0 → D(∗)0h0 and the blue circle to the total lifetime of b-hadrons. Fi-
nally, the region allowed by the semi-leptonic asymmetry adsl is contained within the orange
boundaries.
To obtain the constraints on new-physics contributions to C1 and C2 we perform a pa-
rameter scan for all the observables described above, combining all errors in quadrature. In
Fig. 1 and Fig. 2 we show the regions allowed by each observable at 90% CL; for clarity we
restrict ourselves to the observables that lead to the strongest bounds. Moreover, we did
not consider possible cancellations among the new contributions to C1 and C2, i.e. when
investigating the bounds on ∆C1(MW ), we set ∆C2(MW ) = 0 and vice versa.
We read from the plot the following ranges as rough estimates for possible new-physics
contributions to the current-current operators:
Im ∆C1 ∈ [−0.56; +0.13] , Im ∆C2 ∈ [−0.17; +0.10] , (2.14)
Re ∆C1 ∈ [−0.17; +0.12] , Re ∆C2 ∈ [−0.06; +0.02] . (2.15)
More quantitative statements will be obtained in [5]. Note that the bounds obtained in [4]
from B → K(∗)pi/ρ observables would slightly shrink the regions given in Eq. (2.14) and
Eq. (2.15), but this does not change our main conclusion: that new physics effects in ImC1,
ReC1, and ImC2 can easily be of order 10%.
3 Precision in γ
We will now study the implications of our findings for the expected precision of the extraction
of the CKM angle γ from tree-level decays. It is defined by γ ≡ arg(−VudV ∗ub/VcdV ∗cb) and
can be determined from B± → DK± decays that receive contributions only from tree-level
4
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Figure 2: Constraints on ∆C2, the new-physics contribution to the tree-level Wilson coef-
ficient C2, at the scale µW = MW . The red and purple rings enclose the bounds from the
decays B → Dpi and B → Xsγ, respectively. The orange star-shaped region is related to the
semi-leptonic asymmetry adsl. The constraint from B → pipi comes from the observable Spipi
and is visualised by the green sections.
operators [6]. The fact that all relevant hadronic matrix elements can be obtained from data
and the absence of penguin contributions leads to the exceptional theoretical cleanness of
this determination.
The sensitivity to the angle γ arises via the interference between the b → cu¯s and the
b → uc¯s decay amplitudes. Denoting the B− → DK−-amplitude by A1eiδ1 and the B− →
D¯K−-amplitude by A2ei(δ2−γ), where we have made the dependence on the CKM angle γ
explicit, we get
A(B− → fDK−) = A1eiδ1
[
1 + rBe
i(δB−γ)] , (3.1)
A(B+ → fDK+) = A1eiδ1
[
1 + rBe
i(δB+γ)
]
, (3.2)
with rB = A2/A1 and the difference of the strong phases δB = δ2 − δ1. The interference
of the two decay modes is achieved via common final states fD of the decaying D
0 and
D¯0 mesons. Different methods to extract γ have been devised, conventionally distinguished
according to the different D decay modes. In the GLW method [29, 30] one uses D decays
into CP eigenstates. In the ADS method [31, 32] a combination of Cabibbo-favoured and
doubly Cabibbo-suppressed D-decays is chosen such that interference effects are maximised.
Finally, in the GGSZ method [33] three-body D decays are studied with a Dalitz-plot analysis.
Subsequently, further methods were studied, see e.g. the review in [34].
The angle γ has been measured by BaBar [35] and Belle [36, 37]. Currently the best
experimental precision is achieved by the LHCb collaboration which quotes γ =
(
73+9−10
)◦
[38]
for their “robust” combination which includes only B → DK modes. However, the B → Dpi
modes where the smaller interference term is compensated by larger branching ratios also
start to play a role in the extraction of γ [38].
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Theoretical corrections to the extraction of γ were investigated extensively in the liter-
ature. The effects of D − D¯ mixing and of CP violation in D and also K decays (for final
states with neutral kaons) have been studied in [39–44]. These effects lead to shifts in γ of
at most a few degrees and can be taken into account exactly by a suitable modification of
the expressions for the amplitudes. The shifts can be larger in the B → Dpi modes. The ir-
reducible theoretical uncertainty is due to higher-order electroweak corrections and has been
found to be negligible for the extraction of γ using the B → DK modes [45]. It is expected
to be tiny also in the B → Dpi case [46].
Given the expected sensitivity of order 1◦ at LHCb [7] and Belle II [8] we now address the
following question: How large of a shift in γ due to new-physics contributions in tree-level
decays is still allowed by data? In order to compute the shift in γ induced by ∆C1 and ∆C2
we start from the effective Hamiltonians for b → cu¯s and b → uc¯s decays. We will consider
the two amplitudes
A(B− → D0K−) = 〈D0K−|Hc¯useff. |B−〉 and A(B− → D¯0K−) = 〈D¯0K−|Hu¯cseff. |B−〉 . (3.3)
The CKM angle γ can be extracted from the ratio of these two amplitudes via
rBe
i(δB−γ) =
A(B− → D¯0K−)
A(B− → D0K−) . (3.4)
Inserting the expressions for the effective Hamiltonian (2.1) we get
rBe
i(δB−γ) =
VubV
∗
cs
VcbV ∗us
〈D¯0K−|Qu¯cs2 |B−〉
〈D0K−|Qc¯us2 |B−〉
[
C2 + rA′C1
C2 + rAC1
]
, (3.5)
where we defined the additional amplitude ratios
rA′ =
〈D¯0K−|Qu¯cs1 |B−〉
〈D¯0K−|Qu¯cs2 |B−〉
, rA =
〈D0K−|Qc¯us1 |B−〉
〈D0K−|Qc¯us2 |B−〉
. (3.6)
Note that here the Wilson coefficients should be evaluated at the scale µb ∼ mb; we assume
this convention throughout the current section. The estimates given in Eq. (2.14) and (2.15)
correspond to the following ranges at scale µb, obtained using RG running at LO:
Im ∆C1 ∈ [−0.62; +0.14] , Im ∆C2 ∈ [−0.19; +0.11] , (3.7)
Re ∆C1 ∈ [−0.19; +0.13] , Re ∆C2 ∈ [−0.066; +0.022] , (3.8)
New physics effects in C1 and C2 then modify the ratio rBe
i(δB−γ) as
rBe
i(δB−γ) → rBei(δB−γ) ·
[
C2 + ∆C2 + rA′(C1 + ∆C1)
C2 + rA′C1
C2 + rAC1
C2 + ∆C2 + rA(C1 + ∆C1)
]
. (3.9)
Thus any new complex contribution to C1 and/or C2 will introduce a shift in γ. Using that
|C1/C2| ≈ 0.22 at the scale mb and that also |∆C1/C2| and |∆C2/C2| are small (see Sec. 2)
we can further simplify the above relation by expanding in these small ratios:
rBe
i(δB−γ) → rBei(δB−γ) ·
[
1 + (rA′ − rA)∆C1
C2
]
, (3.10)
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which depends now only on the modification of the Wilson coefficient ∆C1. This modification
leads then to a modified value of γ
γ → γ + δγ = γ + (rA − rA′)Im∆C1
C2
. (3.11)
Here the dominant dependence of the shift in γ on Im∆C1 can be nicely seen; for numerical
evaluations we recommend, however, to use the exact expression in Eq.(3.9).
In order to relate the bounds in Eq. (3.7) and (3.8) to the shift in γ we need to estimate
the ratios of matrix elements (3.6). Naive colour counting and neglecting the annihilation
topology in rA′ gives rA ≈ O(1) and rA′ ≈ O(Nc), where Nc = 3 is the number of colours.
On the other hand, naive factorisation yields
rA ≈ fDF
B→K
0 (0)
fKFB→D0 (0)
≈ 0.4 , (3.12)
whereas including the annihilation topology would reduce rA′ . There are certainly large
uncertainties on these estimates, but it seems very unlikely that the two ratios cancel ac-
cidentally. As a conservative estimate we will take rA − rA′ ≈ −0.6. Having Im∆C1(mb)
of order ±0.1 we get δγ of order ∓4◦, with large uncertainties due to the hadronic matrix
elements.
4 Conclusion and Outlook
We have investigated constraints on new physics contributions to the tree-level Wilson co-
efficients C1 and C2, arising from a set of observables in the B-meson sector. We find that
sizable deviations from the SM are still possible. Specifically, we find that the allowed ranges
of Re∆C1, Im∆C1 and Im∆C2 are of the order of 10%, whereas the allowed range for Re∆C2
is slightly smaller.
A new-physics contribution to the imaginary parts of C1 and C2 plays a particularly
important role in view of the precise determination of the CKM angle γ from tree-level
decays. The possible presence of a new weak phase in C1 and C2 introduces an uncertainty
into the extraction of γ, the latter essentially being defined as the phase of the CKM element
V ∗ub. The ranges given in Eq. (2.14) and (2.15) induce an uncertainty of |δγ| ≈ 4◦ which is
not negligible in view of the expected sensitivity of 1◦ at LHCb and Belle II.
To reduce this uncertainty the bounds on ∆C1 and ∆C2 should be improved. For instance,
the bound on ∆C1 depends sensitively on the semi-leptonic asymmetry a
d
sl. For instance,
assuming a decrease of the experimental error for adsl by 20% would cut out most of the
allowed region for the imaginary part of ∆C1 given in Fig. 1. Moreover, further improvements
(both in experiment and theory) in the observables RDpi, Rρρ, Rpipi and SDh, as well as an
improvement in the theory expression for the total life time – e.g. NNLO QCD corrections
to the inclusive non-leptonic decay rates – would also reduce the allowed parameter ranges
for new physics effects in tree-level decays. We have also seen that the effect of new weak
phases in C1 and C2 on the determination of γ depends sensitively on two ratios of hadronic
matrix elements which are hard to evaluate numerically, and it would be worthwhile to go
beyond our very naive estimates.
Finally, it is worth noting that, conversely, given an independent measurement of γ, the
CP asymmetries in B → DK decays might yield the strongest bounds on new weak phases
in the current-current sector.
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In this letter we have attempted only a rough estimate of the new physics contribution to
the tree-level Wilson coefficients; our main conclusion is that sizable effect cannot be excluded
from the viewpoint of data. Our analysis can be improved in many ways. First of all, the
combination of the different observables was done at the level of a simple parameter scan,
i.e. by computing the 90% CL region for each observable separately and intersecting these
regions. Statistical and systematic errors for each observable were combined in quadrature.
For a complete (frequentist) statistical analysis all observables have to be combined in a single
likelihood function and systematic errors have to be treated within the Rfit scheme [47]. The
combination into a single likelihood function necessarily reduces the allowed region, but the
treatment of systematic errors in the Rfit scheme typically overcompensates this effect. In any
case, these modifications do not change the result by orders of magnitude and will therefore
have no impact on the main message of this paper that new-physics effects in C1 and C2
of the order of 10% are not in contradiction to data. We postpone a systematic fit to a
future publication [5] where we will also investigate flavour specific bounds. More generally,
an advanced study should also allow for new physics contributions to operators other than
exclusively Q1 and Q2.
Acknowledgements
G.TX acknowledges the financial support of CONACyT (Mexico).
References
[1] A. J. Lenz, J. Phys. G 41 (2014) 103001 [arXiv:1404.6197 [hep-ph]].
[2] W. Altmannshofer and D. M. Straub, arXiv:1411.3161 [hep-ph].
[3] C. Bobeth, U. Haisch, A. Lenz, B. Pecjak and G. Tetlalmatzi-Xolocotzi, JHEP 1406
(2014) 040 [arXiv:1404.2531 [hep-ph]].
[4] C. Bobeth, M. Gorbahn and S. Vickers, arXiv:1409.3252 [hep-ph].
[5] A. Lenz et al., to appear.
[6] I. I. Y. Bigi and A. I. Sanda, Nucl. Phys. B 193, 85 (1981).
[7] Letter of Intent for the LHCb Upgrade, CERN-LHCC-2011-001; LHCC-I-018, 2011
[8] T. Abe et al. [Belle-II Collaboration], arXiv:1011.0352 [physics.ins-det].
[9] M. Beneke, G. Buchalla, M. Neubert and C. T. Sachrajda, Nucl. Phys. B 591 (2000)
313 [hep-ph/0006124].
[10] P. Gambino and M. Misiak, Nucl. Phys. B 611 (2001) 338 [hep-ph/0104034].
[11] A. Crivellin and L. Mercolli, Phys. Rev. D 84 (2011) 114005 [arXiv:1106.5499 [hep-ph]].
[12] M. Beneke, G. Buchalla, M. Neubert and C. T. Sachrajda, Nucl. Phys. B 606 (2001)
245 [hep-ph/0104110].
8
[13] A. Lenz, arXiv:1405.3601 [hep-ph].
[14] F. Krinner, A. Lenz and T. Rauh, Nucl. Phys. B 876 (2013) 31 [arXiv:1305.5390 [hep-
ph]].
[15] Y. Amhis et al. [Heavy Flavor Averaging Group Collaboration], arXiv:1207.1158 [hep-ex]
and update available at http://www.slac.stanford.edu/xorg/hfag/
[16] K. G. Chetyrkin, M. Misiak and M. Munz, Phys. Lett. B 400, 206 (1997) [Erratum-ibid.
B 425, 414 (1998)] [hep-ph/9612313].
[17] M. Misiak, H. M. Asatrian, K. Bieri, M. Czakon, A. Czarnecki, T. Ewerth, A. Ferroglia
and P. Gambino et al., Phys. Rev. Lett. 98 (2007) 022002 [hep-ph/0609232].
[18] M. Beneke, G. Buchalla, C. Greub, A. Lenz and U. Nierste, Phys. Lett. B 459 (1999)
631 [hep-ph/9808385].
[19] M. Beneke, G. Buchalla, A. Lenz and U. Nierste, Phys. Lett. B 576 (2003) 173 [hep-
ph/0307344].
[20] A. Lenz and U. Nierste, JHEP 0706 (2007) 072 [hep-ph/0612167].
[21] A. Lenz and U. Nierste, arXiv:1102.4274 [hep-ph].
[22] R. Aaij et al. [LHCb Collaboration], arXiv:1411.3104 [hep-ex].
[23] V. M. Abazov et al. [D0 Collaboration], Phys. Rev. D 86 (2012) 072009 [arXiv:1208.5813
[hep-ex]].
[24] J. P. Lees et al. [BaBar Collaboration], Phys. Rev. Lett. 111 (2013) 10, 101802
[Addendum-ibid. 111 (2013) 15, 159901] [arXiv:1305.1575 [hep-ex]].
[25] R. Aaij et al. [LHCb Collaboration], arXiv:1409.8586 [hep-ex].
[26] J. P. Lees et al. [ The BABAR Collaboration], arXiv:1411.1842 [hep-ex].
[27] V. M. Abazov et al. [D0 Collaboration], Phys. Rev. Lett. 110 (2013) 011801
[arXiv:1207.1769 [hep-ex]].
[28] R. Aaij et al. [LHCb Collaboration], Phys. Lett. B 728 (2014) 607 [arXiv:1308.1048
[hep-ex]].
[29] M. Gronau and D. London, Phys. Lett. B 253 (1991) 483.
[30] M. Gronau and D. Wyler, Phys. Lett. B 265 (1991) 172.
[31] D. Atwood, I. Dunietz and A. Soni, Phys. Rev. Lett. 78 (1997) 3257 [hep-ph/9612433].
[32] D. Atwood, I. Dunietz and A. Soni, Phys. Rev. D 63 (2001) 036005 [hep-ph/0008090].
[33] A. Giri, Y. Grossman, A. Soffer and J. Zupan, Phys. Rev. D 68 (2003) 054018 [hep-
ph/0303187].
[34] M. Antonelli et al., Phys. Rept. 494 (2010) 197 [arXiv:0907.5386 [hep-ph]].
9
[35] J. P. Lees et al. [BaBar Collaboration], Phys. Rev. D 87, no. 5, 052015 (2013)
[arXiv:1301.1029 [hep-ex]].
[36] A. Poluektov et al. [Belle Collaboration], Phys. Rev. D 81, 112002 (2010)
[arXiv:1003.3360 [hep-ex]].
[37] H. Aihara et al. [Belle Collaboration], Phys. Rev. D 85 (2012) 112014 [arXiv:1204.6561
[hep-ex]].
[38] The LHCb Collaboration, LHCb-CONF-2014-004
[39] J. P. Silva and A. Soffer, Phys. Rev. D 61 (2000) 112001 [hep-ph/9912242].
[40] Y. Grossman, A. Soffer and J. Zupan, Phys. Rev. D 72 (2005) 031501 [hep-ph/0505270].
[41] A. Bondar, A. Poluektov and V. Vorobiev, Phys. Rev. D 82 (2010) 034033
[arXiv:1004.2350 [hep-ph]].
[42] M. Rama, Phys. Rev. D 89 (2014) 014021 [arXiv:1307.4384 [hep-ex]].
[43] M. Martone and J. Zupan, Phys. Rev. D 87, no. 3, 034005 (2013) [arXiv:1212.0165
[hep-ph]].
[44] Y. Grossman and M. Savastio, JHEP 1403 (2014) 008 [arXiv:1311.3575 [hep-ph]].
[45] J. Brod and J. Zupan, JHEP 1401 (2014) 051 [arXiv:1308.5663 [hep-ph]].
[46] J. Brod, work in progress.
[47] A. Hocker, H. Lacker, S. Laplace and F. Le Diberder, Eur. Phys. J. C 21, 225 (2001)
[hep-ph/0104062].
10
